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Flexureless Magnetic Micromirror Assembly 



Cross-reference to Related Application 

[0001] This application claims the benefit of U.S. Provisional Application No. 60/221 ,049 
filed July 27, 2000, whose entire contents are hereby incorporated by reference. 

Background of the Invention 

[0002] The present invention relates to microswitches and particularly optical 
micromirror switches. ' 

[0003] An example of a flexureless micromirror device known in the prior art is shown in 
U.S. Patent 6,040,935 (Michalicek). (The entire contents of this patent and all other 
patents, other publications and applications mentioned anywhere in this disclosure are 
hereby incorporated by reference.) The '935 patent discloses a flexureless micromirror 
assembly wherein the micromirror surface is attached to one or more support columns. 
These support columns are anchored to the structural assembly of the device by a flexible 
locking joint. Thereby, the mirror surface is free to move about the joint and the mirror 
surface can be electronically switched between multiple stable positions. Although such a 
device operates without the need to flex or bend any mirror surface through elastic 
bending or through piezoelectric flexing, its construction is complex and expensive to carry 
out. 

[0004] U.S. patents 5,583,688 (Hornbeck) and 5,650,881 (Hornbeck) are examples of 
other prior art patents. 

Summary of the Invention 

[0005] Accordingly, it is an object of the invention to provide a simplified construction 
and operation of a flexureless magnetic micromirror. This is done according to a preferred 
embodiment by hinging the micromirror over a centrally positioned pin or cone. The mirror 
is secured from moving laterally by a conical depression in the underside of the mirror and 
secured against lifting off of the mirror by engagement of the capillary force of a suitable 
liquid sandwiched between the mirror and the corresponding substrate mounted on a 
base. A plurality of microelectromagnets are is positioned directly below the periphery of 
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the mirror. When these microelectromagnets are electronically activated they attract the 
corresponding metallic edge of the magnetic mirror. The central support pins height 
governs the tilt angle of the mirror, reflecting the incident light beam to become the 
reflected light beam. The simplicity of this invention allows the simultaneous assembly of 
large arrays of these micromirrors of high precision and minimal cost compared with the 
optical switches known in the prior art. Additionally, very high switching speeds are 
possible with this invention due to the absence of flexing resistances, initial retardation and 
mechanical friction. The tilt angle of the micromirror is preferably between sixteen and 
twenty degrees. The magnetic mirrors can be produced relatively inexpensively by 
manufacturing them of composites of powdered fillers and polymer matrix where the filler 
material is a magnetic material. The manufacturing process, including the production of 
the mirror surface, is described in application Serial No. 09/345,813, filed July 2, 1999. 

[0006] Other objects and advantages of the present invention will become more 
apparent to those persons having ordinary skill in the art to which the present invention 
pertains from the foregoing description taken in conjunction with the accompanying 
drawings. 

Brief Description of the Drawings 

[0007] FIG. 1 is a top plan view of a micromirror switch assembly of the present 
invention; 

[0008] FIG. 2 is a cross-sectional view taken on line 2-2 of FIG. 1 ; 

[0009] FIG. 3 is a view similar to FIG. 2 but showing an optional electromagnet 
arrangement and possible beam impact angles; 

[0010] FIG. 4 is a side elevational view of an alternative micromirror construction for the 
assembly of FIG. 3 showing possible beam impact angles; 

[0011] FIG. 5 is a cross-sectional view similar to the embodiment of FIG. 3 and showing 
an alternative embodiment with two tilted positions of the micromirror thereof; 

[0012] FIG. 6 is a top plan view of the base plate of the switch assembly of FIG. 5; 

[0013] FIG. 7 is a top plan view of the micromirror of the assembly of FIG. 5; 
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[0014] FIG. 8 is a perspective view of an alternative base plate for a micromirror switch 
assembly of the present invention; 

[0015] FIG. 9 is an inverted perspective view of a micromirror usable on the base plate 
of FIG. 8; 

[0016] FIG. 10 is an enlarged inside cross-sectional view of an end of a micromirror 
switch assembly of the present invention showing one electromagnet arrangement; 

[0017] FIG. 11 is a schematic view of a micromirror switch assembly showing an 
alternative electromagnetic arrangement; 

[0018] FIG. 12 is an enlarged view of the base plate of a micromirror switch assembly of 
the present invention showing the surface configuration of the base plate relative to the 
liquid; 

[0019] FIG. 13 is a side cross-sectional view of an alternative micromirror of the present 
invention showing the liquid on the bottom surface thereof; 

[0020] FIG. 14 is a view similar to FIG. 13 showing an alternative micromirror bottom 
surface construction; and 

[0021] FIG. 15 is a schematic view showing an array of micromirror switch assemblies in 
an operative system. 

Detailed Description of Preferred Embodiments of the Invention 

[0022] Referring initially to FIGS. 1 and 2, a flexureless micromirror assembly is 
illustrated generally at 100. It is seen to comprise a micromirror 104 having a top optically 
reflective surface 108 and a bottom surface 112. Formed on the bottom surface 112 is a 
depression 116 and fitted in the depression is the upper end of a centrally positioned pin or 
cone 124. The pin or cone 124 is mounted to the top of a substrate 130, and mounted in 
the substrate 130 are electromagnets 136 positioned to be beneath the lower perimeter 
edge of the micromirror 104. The substrate 130 then in turn is mounted on a support base 
140, as shown in FIG. 2. 

[0023] A number of spaced electromagnets 136 can be mounted to the substrate 130. 
In FIG. 1 it is seen that eight equally spaced electromagnets can be provided, which allows 
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the micromirror 104 to have eight different tilted positions. Each position provides a 
different orientation of the top reflective surface relative to the vertical axis of the pin 124. 
Thus, when an incident beam 140 impacts the reflective surface 108 it will be reflected as 
a reflected beam 146 in a different direction and to a different receiving location, such as a 
different optical fiber. Thereby, by controlling the actuation of the electromagnets 1 36 
using a control system (not shown) a different optical signal can be sent from a single 
incident beam. 

[0024] Referring to FIG. 3, the incident beam 150 or 154 need not impact the center of 
the micromirror 104 but rather may impact a location spaced from the center. FIG. 3 also 
shows that more than one incident beam or incident beam source such as the fiber optic 
cables 156, 160 can be used for a single micromirror device. Additionally shown in FIG. 3 
is an optional electromagnet arrangement wherein an electromagnet 164 is provided below 

^ the surface and another 168 above the surface. They can be held in spaced relation with 

St a C-shaped connector, for example. 

03 [0025] Where only first and second tilt positions are needed 180° relative to one another 
^ the electromagnetic assembly can comprise simply two magnets, one magnet 168 above 
rt and one magnet 164 below the perimeter of the micromirror 104 as shown in schematic 
rU form in FIG. 11. Thereby, when the bottom magnet 164 is energized, the micromirror 104 
q will tilt down to the right, as depicted in FIG. 1 1 , tilting about the central pin 124. Similarly, 
*"* when the top microelectromagnet 168 is energized, the micromirror 104 will tilt in the 
opposite direction with the right edge going up. 

[0026] Liquid 169 is sandwiched between the micromirror and the substrate and around 
the pin. The capillary force of the liquid holds the micromirror 104 on the pin 124. The 
liquid 169, which assumes a catanoid. shape, is preferably a low vapor pressure oil with 
high surface tension and high heat conductivity. The vapor pressure of the liquid 169 
should be below 0.01mm mercury at twenty-five degrees Centigrade. Preferably the 
surface tension of the liquid should be above thirty dynes per centimeter. An example of a 
usable liquid is #281 Heat Transfer Oil available from Schaeffer Manufacturing Company 
of St. Louis, Missouri. It is a non-corrosive semi-synthetic heat transfer fluid, blended from 
high viscosity index paraffin base oils. See its two-page Technical Data sheet. Also 
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usable is Hytherm Heat Transfer Oil available from Lyondell Lubricants. "Hytherm 46" is a 
heat transfer oil formulated from severely solvent refined, dewaxed and hydrofinished base 
oil along with an anti-oxidant/dispersant additive package. 

[0027] Although the micromirror 104 is depicted as having a planar top reflective surface 
108, other configurations of this surface can be provided. An example is a concave 
surface 220 such as shown in FIG. 4 where two incident 224, 228 (and reflective 232, 236) 
rays are depicted. Other shapes such as concave or a gradually angularly changing 
surface are within the scope of the invention. 

[0028] Eight magnets 136 are depicted in FIG. 1. Where fewer tilt angles are desired 
such as four perpendicularly-arranged tilt angles, four electromagnets only need to be 
provided as shown in FIG. 6. Four elongate thin film-deposited electromagnets 140 are 
used in the embodiment of FIG. 6. Each includes a core material 144 and a current 
conducting trace or coil 148 on the core material. FIG. 6 is a top plan view of the base 
plate 160 by itself, without the pin or micromirror for illustrative purposes. 

[0029] FIG. 5 is a cross-sectional view through the micromirror assembly or optical 
switch which uses the base plate 160 of FIG. 6. It is seen there that a central pin 124 is 
mounted in the center of the baseplate. The pin 124 is preferably a sapphire pin having a 
very hard tip. Two of the thin film electromagnets 140 are shown mounted on the 
substrate or baseplate in FIG. 5. The baseplate 160 can be a silicon carbide substrate 
which provides for good heat conductance and a hard impact resistant surface. The 
micromirror 104 has two layers. The top layer 170 is an ultra low loss glass supermirror, 
such as is available from Newport Corporation of Irvine, California, and the bottom layer 
174 is a magnetic material layer. Around the entire lower edge perimeter of the bottom of 
the magnetic material layer or at least at the portions which will impact the silicon carbide 
substrate when the mirror is tilted and/or on the top surface of the silicon carbide substrate 
which will be impacted by the tilting mirror is a hard tilt stop to provide for high precision 
and repeatability. The optical switch is shown in two alternative tilted positions in FIG. 5 
and the different reflective angles are shown by angle 180, which is 16° to the horizontal, 
32° to flip back position. 
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[0030] The micromirror 104 should preferably weigh less than .03 grams and preferably 
0.015 grams. The diameter of the micromirror 104 is preferably less than one millimeter, 
and preferably five hundred or three hundred micrometers. It can be round or polygonally 
shaped. The top mirror layer has a thickness less than two hundred or three hundred 
microns, and preferably twenty microns. 

[0031] FIG. 5 shows with dotted lines a schematic representation of a chamber 184 in 
which the device can be positioned. The chamber can include a vacuum, a partial 
vacuum, helium or the like to improve switching capability. 

[0032] The low vapor pressure oil 169 with high surface tension and high heat 
conductivity is shown surrounding the sapphire pin 124 and engaging the lower surface of 
the magnetic material layer 174 and the top surface of the silicon carbide substrate 160. 
The catanoid-like shape that the oil 169 assumes when the micromirror 104 is tilted to one 
side is best illustrated in FIG. 5. 

[0033] In FIG. 1, for example, the micromirror 104 is shown to have a round shape. 
However, other shapes are within the scope of the present invention. An example of 
another shape is a square as shown in FIG. 7. It is shown to be three hundred 
micrometers by three hundred micrometers. A range of usable diameters for a round 
micromirror can be between one hundred and three hundred micrometers. 

[0034] Instead of having a pin or cone 124 which is symmetrical about the vertical axis, 
another shape for the pin, cone or other support member is an elongate triangle as shown 
in FIG. 8 at 220. Similarly shaped depression 224 is formed in the bottom surface of the 
micromirror 104 and the liquid 169 is disposed in the depression 224 covering the elongate 
triangular support member on the substrate. The depression is shown in FIG. 9. This 
arrangement with a knife edge axis allows tilting of the micromirror 104 about that axis 
from one side to the other and the tilting can be controlled by a first and second 
electromagnetics 230, 232 disposed on the substrate on opposite sides of the support 
member 220. 

[0035] An enlarged view of the left portion of an optical switch which does not have the 
liquid or in which the liquid is not depicted for illustrative purposes is shown in FIG. 10. 
Referring thereto it is seen that the core material 240 of the electromagnet is sputtered in a 
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trough or indent 250 on the surface of the substrate and the current carrying coils 256 are 
sputtered on the top of the core material. 

[0036] To retain the liquid 169 so that it does not spread out and dissipate over the 
entire surfaces of the substrate and/or the lower surface of the micromirror a finely 
roughened surface 260 can be formed to define the exterior edge of the liquid coated 
surface. This is shown for the substrate in FIG. 12 with the angle of the liquid shown by 
angle 266. It is desired to contain the liquid so it does not impact the electromagnets. 

[0037] Similarly, the area 270 to be covered by the liquid 169 on the bottom surface of 
the micromirror can also be roughened to define the outer perimeter of the liquid as shown 
in FIGS. 13 and 14. FIG. 14 shows an alternative to FIG. 13 wherein the roughened 
surface is and the depression for the pin are provided in a trough 280 on the bottom 
surface of the micromirror. This trough 280 also provides a perimeter wall 290 to 
additionally hold the liquid in place. 

[0038] To prevent the liquid from heating and its vapor pressure rising, the area outside 
the roughened surface can have a non-heat transfer carrying insulating material such as 
TEFLON so the heat does not back up. Instead of TEFLON a very fine film of silicon 
grease can be provided. The grease might be applied using the manufacturer's finger or 
using some kind of pattern or rubber stamp. The latter is especially important where 
many mirrors are being manufactured and used, such as in a one hundred by one hundred 
array. 

[0039] An array system of this magnetic micromirror assembly or optical switch can be 
used in an N by N or N by 1 or other array. An example is shown in FIG. 1 5 generally at 
300. Referring thereto, it is seen that the fiber optic origination and receiving fibers are 
shown as the mirror tilts. More particularly, the incident beam 304 from the fiber optic- 
fibers 308 passes through lenses 312, is reflected by switches of an array 312 to a 
different receiving fiber 320 after being reflected off of a second array 322 and passing 
through second lens 324 to represent a different signal. The dotted line beam 304 
represents the reflected beam with the switch in a different tilted position. 

[0040] From the foregoing detailed description, it will be evident that there are a number 
of changes, adaptations and modifications of the present invention which come within the 
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province of those skilled in the art. For example, instead of reflecting optical beams other 
electromagnetic wave beams can be used. Also, the dimensions and materials used for 
the components can be varied as needed. Additionally, the elements of the various 
embodiments can be interchanged or omitted as would be apparent to those skilled in the 
art. However, it is intended that all such variations not departing from the spirit of the 
invention be considered as within the scope thereof. 



